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Expression of foreign proteins on the surface of Autographa 
calif ornica nuclear polyhedrosis virus. 

Grabherr R; Ernst W; Doblhof f -Dier 0; Sara M; Katinger H 
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Based on the method of direct cloning into the baculovirus genome by 
linearizing and re-ligation in presence of the target insert, we designed 
viral constructs that express foreign genes on the surface of baculovirus 
particles. We chose the glycosylated envelope protein gp41 of human 
immunodeficiency virus type 1 (HIV-l) as a model for displaying 
recombinant proteins on budded virus. The ectodomain of the envelope 
protein gp41 of HIV-l was being fused to the entire baculovirus major coat 
protein gp64 (Ac-cops41) and to the membrane anchor sequence of 
gp64 (Acmars41) . Two different promoters, the "very late" 
polyhedrin promoter (Ac-mars4l) and the "early and late" gp64 
promoter (Ac-promars41) were compared. The expression of gp41 in infected 
cells and its presence on viral particles was confirmed by enzyme-linked 
immunosorbent assay (ELISA) , Western blot and electron microscopy. 
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Baculoviral display of the green fluorescent protein and 

rubella virus envelope proteins. 
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AB The ability to display heterologous proteins and peptides on the surface 

of different types of bacteriophage has proven extremely useful in protein 
structure/function studies. To display such proteins in a eucaryotic 
environment, we have produced a vector allowing for fusion of proteins to 
the amino-terminus of the Autographa californica nuclear polyhedrosis 
virus (AcNPV) major envelope glycoprotein, gp64. Such 
fusion proteins incorporate into the baculoviral virion 
and display the FLAG epitope tag. We have further produced recombinant 
baculoviruses displaying the green fluorescent protein (GFP) and the 
rubella virus envelope proteins, El and E2 . The incorporation of the 
GFPgp64, Elgp64, and E2gp64 fusion proteins into the 

baculovirus particle was demonstrated by western blot analysis of purified 
budded virus. This is the first report of the display of the GFP protein 
or the individual rubella virus spike proteins on the surface of an 
enveloped virus- Such a eucaryotic viral display system may be useful for 
the display of proteins dependent on glycosylation for activity and for 
targeting of recombinant baculoviruses to novel host cell types as a gene . 
transfer vehicle. 
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AB We describe the development of the baculovirus Autographa californica 

nuclear polyhedrosis virus (AcNPV) as a vector for the display of distinct 
proteins on the viral surface in a manner that is analogous to the 
established bacterial "phage display" * systems . As a 
model system, the marker gene encoding the 26kDa protein 

glutathione-S-transferase (GST) was used to construct several fusions with 
the major baculovirus glycoprotein gp64 gene. Following 
, expression in Spodoptera frugiperda (Sf9) cells, the yield and cellular 
distribution of each GST-gp64 protein was assessed by Western 
blot of both cell and supernatant fractions. One fusion, in which GST was 
inserted between the leader peptide and the nature protein, was found to 
be efficiently secreted into the cell medium. In the context of 
expression of the full length gp64, the hybrid GST-gp64 
was shown by immunogold labelling to be incorporated onto the virion 
surface. In addition, the affinity purification of the soluble 
transmembrane gp64-GST fusion protein resulted in the 
co-purification of wild type gp64 suggesting that 

co-oligomerization of the GST-tagged fusion and the wild type molecule was 

the basis for virion incorporation. The HIV major surface glycoprotein, 

gpl20 was also efficiently displayed in functional form on the viral 

surface following fusion to the amino terminus of gp64. A 

general expression vector, pAcSurf-2, was constructed in which multiple 

cloning sites were positioned in-phase between the gp64 signal 

sequence and the sequence encoding the mature protein under the control of 

the polyhedrin promoter. 
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AB The host range of insecticidal proteins such as .delta. 

extended by fusing with a peptide that binds a receptor in the gut wall to 
the protein. Chimeric genes for fusion proteins of 
Bacillus thuringiensis tenebrionis . delta . -endotoxin and the gp64 
protein of Autographa californica multiple nuclear polyhedrosis virus were 
constructed by std. methods and expressed in Escherichia coli from 
bacteriophage T7 promoter. The fusion protein accumulated as inclusion 
bodies. Lima beans coated with cells expressing these genes were used as 
feed for Trichoplusia ni larvae. Larvae fed on this showed damage to the 
midgut . 
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SOURCE: JOURNAL OF VIROLOGY, (1996 Jul) 70 (7) 4607-16. 

Journal code: 0113724. ISSN: 0022-538X. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199608 

Entered STN: 19960822 
Last Updated on STN: 19960822 
Entered Medline: 19960815 
To demonstrate the essential nature of the baculovirus GP64 
envelope fusion protein (GP64 EFP) and to further examine the 
role of this protein in infection, we inactivated the gp64 efp 
gene of Autographa californica multicapsid nuclear polyhedrosis virus 
(AcMNPV) and examined the biological properties of this virus in vivo, 
provide GP64 EFP during construction of the recombinant 
GP64 EFP-null AcMNPV baculovirus, we first generated a stably 
transfected insect cell line (SfpOP64-6) that constitutively expressed the 
GP64 EFP of Orgyia pseudotsugata multicapsid nuclear polyhedrosis 
virus (OpMNPV) . The AcMNPV gp64 efp gene was inactivated by 
inserting the bacterial lacZ gene in frame after codon 131 of the 
gp64 efp gene. The inactivated gp64 gene was cloned 
into the AcMNPV viral genome by replacement of the wild-type gp64 
efp locus. When propagated in the stably transfected insect cells 
(Sf 90P64-6 cells) , budded virions produced by the recombinant AcMNPV 
GP64 EFP-null virus (vAc64z) contained OpMNPV GP64 EFP 

supplied by the Sf90P64-6 cells. Virions propagated in Sf90P64-6 cells 
were capable of infecting wild- type Sf9 cells, and cells infected by 
vAc64z exhibited a blue phenotype in the presence of X-Gal 
(5-bromo-4-chloro-3-indolyl-beta-D-galactopyranoside) . Using cytochemical 
staining to detect vAc64z infected cells, we demonstrated that this 
GP64 EFP-null virus is defective in cell-to-cell propagation in 
cell culture. Although defective in cell-to-cell propagation, vAc642 
produces occlusion bodies and infectious occlusion-derived virions within 
the nucleus. Occlusion bodies collected from cells infected by vAc64z 
were infectious to midgut epithelial cells of Trichoplusia ni larvae. 
Howeyer, in contrast to infection by a control virus, infection by vAc64z 
did hot proceed into the hemocoel. Analysis of vAc64z occlusion bodies in 
a standard neonate droplet feeding assay showed no virus -induced 
mortality, indicating that occluded virions produced from vAc642 could not 
initiate a productive (lethal) infection in neonate lairvae. Thus, 
GP64 EFP is an essential virion structural protein that is 
required for propagation of the budded virus from cell to cell and for 
systemic* infection of the host insect. 
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AB The upstream promoter region of the Autographa californica multicapsid 
nuclear polyhedrosis virus (AcMNPV) gp64 gene contains five 
copies of TAAG, the conserved sequence found at the transcriptional 
initiation sites of almost all baculovirus late genes. In AcMNPV-inf ected 
Sf9 cells, late transcription initiation is detected from only two 
upstream TAAG sites and not from three downstream TAAG sites. To examine 
several models for preferential TAAG site utilization, we constructed a 
series of recombinant AcMNPV baculoviruses that contain promoter region 
sequences from the gp64 gene fused to a chloramphenicol acetyl 
transferase reporter gene. Promoter- reporter constructs were inserted in 
the polyhedrin locus. To test a scanning model in which TAAG sites are 
sequentially selected according to their location in the region, we 
generated recombinant viruses in which the- highly transcribed sites were 
inactivated by point mutations. Transcription from the mutant promoter 
constructs was compared qualitatively and quantitatively to transcription 
from the wild- type gp64 promoter. Inactivation of the upstream 
TAAG sites did not result in increased transcription from the downstream 
TAAG sites, suggesting that immediate context, rather than position, 
determines promoter utilization. To test this hypothesis, we made a 
series of minimal promoter constructs containing decreasing quantities of 
the sequences immediately flanking one of the active gp64 TAAG 
sites. Reporter constructs containing a gp64 TAAG site and > or 
= 12 bp of flanking sequence on both sides were transcribed at near 
wild-type levels. Constructs with less flanking sequence (9 or 6 bp of 
flanking sequence) were accurately transcribed, but at substantially lower 
levels, and transcription was not detected from constructs containing only 
3 bp of flanking sequence. These results suggest that nucleotides 
immediately flanking the TAAG site (4-6 bp) are necessary for basal 
promoter activity while additional flanking sequences (> or = 12 bp) are 
required for late promoter activation and regulation. To further examine 
late promoter selection, we constructed recombinant AcMNPV baculoviruses 
that contain heterologous late promoters from the gp64 gene of 
the related virus Orgyia pseudotsugata MNPV (OpMNPV) . TAAG sites that 
serve as functional late promoters in OpMNPV were found to mediate 
transcription initiation at only basal levels in the context of the AcMNPV 
genome, suggesting that late promoter activation may be virus specific 
within the family Baculoviridae . 
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AB To demonstrate the essential nature of the baculovirus GP64 

envelope fusion protein (GP64 EFP) and to further examine the 
role of this protein in infection, we inactivated the gp64 efp 
gene of Autographa californica multicapsid nuclear polyhedrosis virus 
(AcMNPV) and examined the biological properties of this virus in vivo. To 
provide GP64 EFP during construction of the recombinant 
GP64 EFP-null AcMNPV baculovirus, we first generated a stably 
transfected insect cell line (SfpOP64-6) that constitutively expressed the 
6P64 EFP of Orgyia pseudotsugata multicapsid nuclear polyhedrosis 
virus (OpMNPV) . The AcMNPV gp64 efp gene was inactivated by 
inserting the bacterial lacZ gene in frame after codon 131 of the 
gp64 efp gene. The inactivated gp64 gene was cloned 
into the AcMNPV viral genome by replacement of the wild-type gp64 
efp locus. When propagated in the stably transfected insect cells 
(Sf 90P64-6 cells) , budded virions produced by the recombinant AcMNPV 
GP64 EFP-null virus (vAc64z) contained OpMNPV GP64 EFP 

supplied by the Sf90P64-6 cells. Virions propagated in Sf90P64-6 cells 

were capable of infecting wild-type Sf9 cells, and cells infected by 
vAc64z exhibited a blue phenotype in the presence of X-Gal 
(5-bromo-4-chloro-3-indolyl-beta-D-galactopyranoside) . Using cytochemical 
staining to detect vAc64z infected cells, we demonstrated that this 
GP64 EFP-null virus is defective in cell-to-cell propagation in 
cell culture. Although defective in cell-to-cell propagation, vAc64z 
produces occlusion bodies and infectious occlusion-derived virions within 
the nucleus. Occlusion bodies collected from cells infected by vAc64z 
were infectious to midgut epithelial cells of Trichoplusia ni larvae. 
However, in contrast to infection by a control virus, infection by vAc64z 
did not proceed into the hemocoel . Analysis of vAc64z occlusion bodies in 
a standard neonate droplet feeding assay showed no virus -induced 
mortality, indicating that occluded virions produced from vAc64z could not 
initiate a productive (lethal) infection in neonate larvae. Thus, 
GP64 EFP is an essential virion structural protein that is 
required for propagation of the budded virus from cell to cell and for 
systemic infection of the host insect. 
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